We conducted a one-year stability study on aqueous alcohol simulator solution, stored in sealed polyethylene bottles at 4~ and at room temperature. Thirty-nine aliquots of simulator solution with a VAC target value of 0.079 _+ 0.010 g/210 L were stored and analyzed independently monthly at two locations: The University of Oklahoma HSC Toxicology Laboratories (OUHSC) and Oklahoma Department of Public Safety Alcohol and Drugs Countermeasures Unit (DPS/ADCU). Paired IntoxUyzer 5000 Evidential Breath-Alcohol Analyzers + Guth Breath Test Simulators were used to measure 20 consecutive VACs generated at 34~ with individual simulator solution aliquots, followed by VAC control tests in triplicate. Control tests at OUHSC were carried out with a NIST-traceable compressed ethanol/nitrogen gas mixture with a validated label ethanol concentration of 0.085 g/210 L -+ 2% at 760 torr. Control tests at DPS/ADCU were carried out with simulator-generated vapor-alcohol samples with a validated VAC of essentially zero slopes for all 3 models signify that no significant change occurred in the alcohol concentrations of all 39 simulator solutions aliquots measured over the 1-year study period, for either 4~ or room temperature storage. The Pearson correlation coefficients for the above three regression models were R = -0.20, 0.10, and 0.13, respectively; each value is close to zero, confirming the absence of significant statistical relationship between VACs and passage of time. The coefficients of determination for the above three regression models were 4.3%, 1.0%, and 1.7%, respectively. These statistics indicate that the fitted models explain only 1 to 4% of the small total variability in the VAC as a function of time.
essentially zero slopes for all 3 models signify that no significant change occurred in the alcohol concentrations of all 39 simulator solutions aliquots measured over the 1-year study period, for either 4~ or room temperature storage. The Pearson correlation coefficients for the above three regression models were R = -0.20, 0.10, and 0.13, respectively; each value is close to zero, confirming the absence of significant statistical relationship between VACs and passage of time. The coefficients of determination for the above three regression models were 4.3%, 1.0%, and 1.7%, respectively. These statistics indicate that the fitted models explain only 1 to 4% of the small total variability in the VAC as a function of time. ANOVA statistics for each of the three sets of VAC test results yield a P-value greater than 0.10, indicating that there is not a statistically significant relationship between VAC and the passage of time, at a 90% or higher confidence level. We conclude that the ethanol concentration of simulator alcohol solutions stored in sealed polyethylene bottles, at either 4~ or normal room temperature, does not change significantly for at least one year after preparation, and that a correct initial VAC target value will remain valid during that time period.
Introduction
Control tests with vapor-alcohol I samples generated with breath-alcohol simulators are an established and widely implemented quality assurance element of forensic breath-alcohol analysis (1) . The alcohol concentration of the dilute aqueous simulator solution used to generate vapor-alcohol control samples of known target values is typically established and validated at some time prior to use of the simulator solution, often long prior thereto. Hence, the documented stability over time of stored simulator alcohol solutions is a critical factor in the continuing validity of the original vapor-alcohol concentration (VAC) target value, and in the legal probative significance of simulator tests as a scientific safeguard in forensic breath-alcohol testing. Expiration dates for commercially pretThe unmodified term alcohol in this article refers to ethanol. pared simulator alcohol solutions, as reflected on product labels or in manufacturers' advertisements, vary from 7 months to 2 years after date of preparation. Most state agency regulations concerning forensic breath-alcohol analysis do not address simulator alcohol solution validity time limits; two state rules which do so stipulate one year (2) or two years (3) time limits after date of preparation. Published reports on the storage stability of dilute aqueous ethanol solutions are scarce. A National Bureau of Standards study demonstrated complete stability of 60 mg/mL aqueous ethanol solutions in glass ampoules for two years at room temperature (4) . At the Centre of Forensic Sciences (Toronto, ON, Canada), the alcohol concentration of four aliquots of aqueous simulator solution stored in polyethylene bottles at room temperature for 13.5 years was found to have decreased 13 to 22% from the initial 0.847 mg/mL concentration (5). We were unable to locate relevant peer-reviewed published data on the storage stability of aqueous alcohol simulator solutions. Also, the scientific validity and the legal probative value of simulator-generated vapor-alcohol control tests is a commonly raised issue in litigation involving breath-alcohol test results (6, 7) . For those reasons, we undertook the study reported herein.
Our experimental approach was monthly measurements, for one year, of vapor-alcohol samples generated at 34~ with a standard breath-alcohol simulator from 13 0.5 L aliquots of a single lot of 0.970 g/L simulator alcohol solution. Alcohol measurements were made by infrared spectrometry with a quantitative evidential breath-alcohol analyzer. This analytical approach is a current altemate test method promulgated by the Highway Traffic Safety Administration for evaluating wet-bath calibrating units for breath alcohol testers (8) . We performed the VAC measurements independently at two separate locations as a precaution against interruption of the study by instrument failure during the one year study period.
Experimental
Locations. The University of Oklahoma HSC Toxicology Laboratories (OUHSC) and Oklahoma Department of Public Safety Alcohol and Drug Countermeasures Unit (DPS/ADCU), both in Oklahoma City, OK Breath-alcohol analyzers and breath-alcohol simulators. Intoxilyzer model 5000, series 68 (CMI, Inc. Owensboro, KY). Model 2100 alcohol breath simulator (OUHSC) and model 34C alcohol breath simulator (DPS/ADCU) (Guth Laboratories, Inc., Harrisburg, PA). These simulators are designed for a 0.5 L alcohol solution volume and 34~ operating temperature. All devices were employed with verified factory calibrations.
Simulator alcohol solution. Aqueous alcohol simulator solution, 0.970 g/L, target VAC value = 0.079 + 0.010 g/210 L (9). Prepared as a single lot, validated by automated gas chromatographic headspace analysis (10) , and provided as 0.5 L aliquots in sealed polyethylene bottles by the Oklahoma State Bureau of Investigation Central Laboratory. The bottled aliquots were stored at 4~ at OUHSC and DPS/ADCU, and at normal room temperature, mean = 21.1 • 1.1~ at DPS/ADCU.
Vapor-alcohol controls. OUI-ISC: Dry-gas Ethanol Breath Standard (EBSTM), traceable to NIST RGM dry gas ethanol standards; label VAC value = 0.085 g/210 L • 2% at 760 torr and Procedures. Simulator solutions were stored at each location in 0.5 L aliquots in polyethylene bottles at the designated temperature until date/time of use. Separate aliquots were analyzed each month at each location. Vapor-alcohol concentrations were measured monthly, independently at each location, by infrared spectrometry of 20 consecutive simulator tests, separated by room air blanks, followed by dry gas (OUHSC) and wet gas/simulator (DPS/ADCU) control tests in triplicate. The Intoxilyzer plus simulator devices were operated in the recirculating simulator test mode. Dry gas control tests were performed at ambient atmospheric pressure, and the VAC label target value of the reference ethanol-nitrogen mixture was adjusted by the ratio of measured barometric pressure to 760 torr at 34~ (11) .
Statistical analysis. Statistical examinations and data analysis were performed by standard statistical methods (12,13) using STATGRAPHICS Plus for Windows, Version 6.0 software (Manugistics, Inc., Rockville, MD) with a microcomputer for both descriptive statistics and significance testing. 
Results and Discussion
At both locations, the breath-alcohol analyzers and simulator performance remained essentially unchanged, as documented by the VAC control tests performed monthly. The main results of the VAC measurements made at both locations over the one-year period appear in Tables I-III and Figures 1-3. It is evident from Tables I-III that no significant changes occurred during the one-year period in the mean results of each set of 20 consecutive VAC measurements, beyond the minimal normal within-run and between-run variability for such analyses with these devices (9, 11) . The small differences between the mean monthly VACs at OUHSC and DPS/ADCU shown in Tables I-III only reflect slight variation in factory calibration of the respective model 5000 Intoxilyzers; both are within the NHTSA model specifications for evidential breath-alcohol analyzers (14) . Tables I-III show that all monthly VAC control results were acceptaly within the respective target value ranges. It is also evident by inspection of Figures 1-3 about 0.14% of the very small solution alcohol concentration variability over time. One way analysis of variance (ANOVA) for the 260 OUHSC VAC measurements yielded a P-value of 0.5416. With a P-value > 0.10, there is not a statistically significant relationship between the dependent variable, VAC and by extension the simulator solution alcohol concentration, and the passage of time at the 90% or higher confidence level.
For the three sets of summarized data in Tables I-III the DPS/ADCU, Refrigerated, n = 13: y = 0.079 + 0.000032x R = 0.10,R 2 = 1.0% DPS/ADCU, Room Temp, n = 13: y = 0.078 + 0.000038x R = 0.13, R 2 = 1.7%
In each case, the essentially zero slope and the low R2s indicate minimal relationship between alcohol concentration and time. Multiple linear regression analysis for the OUHSC n = 13 data yielded R 2 (adjusted for degrees of freedom) = 0.0%; demonstrating no change in alcohol concentration as a function of time. ANOVA for all 3 sets of data in Tables I-III yielded respective P-values of 0.4918, 0.7396, and 0.6514. Each P-value _> 0.10 indicates absence of a statistically significant relationship between alcohol concentration and time at the 90% or higher confidence level.
The results reported herein are in accord with periodically recorded, but previously unreported findings in the first author's laboratory. Ready-to-use simulator alcohol solutions (not stock alcohol solutions), stored in closed glass containers in the dark at normal room temperature, showed no measurable change in alcohol concentrations over time periods of up to four years (15) .
We carried out this simulator alcohol solution stability study using an evidential alcohol analyzer plus simulator combination to measure VACs generated with the study simulator solution, rather than by simple monthly analysis of simulator solution aliquots by gas chromatography. This provided both a real-world breath-alcohol testing practice context to the study, and enables others conducting breath-alcohol testing operations to duplicate our study in their facilities with their equipment and under their conditions. That periodic exercise is The stability of reference solutions should be established by repeated analysis of the ethanol concentrations during typical storage conditions and actual use. The approving agency should establish the date beyond which the reference solutions should not be used ("Expiration Date"), and this should be reflected both on the label applied to each portion, and in the directions for use...
Such stability studies and related operational practices for VAC control tests based upon them are necessary components of quality assurance for breath-alcohol analysis in clinical and forensic practice.
Conclusions
We conclude that: (1) The alcohol concentration of simulator solutions stored in sealed polyethylene bottles, at either 4~ or at normal room temperature, does not change significantly for at least one year after preparation of such solutions. (2) A correct initial vapor-alcohol concentration target value for simu-lator alcohol solution will remain valid for at least one year under these conditions.
